Per and PolyFluorinated Alkyl Substances Chemical Action Plan
(PFAS CAP)2019 Updates

Updated HealthChapter

In 2017, the Washington State departments of Ecology and Health steatdPFAS CAP

chapters with external parties for review and commer@omments received are available

onlined ¢ KA& R20dzYSyid A& SAGKSNI Ly dzZLJRFGS 2F | WA
Health are sharing chapters with interested parties prior to &&il2019 PEFAS CAP webinar

(previously planned for MarghUpdates will be discussed duringetAprilwebinar. We expect

to publish the entire Draft PFAS CAP around June #lb%ved bya 60day comment period.

In April 2019 Ecology and Health will host a PFAS CAP weoiai® not yet setto:
1 Briefly review activities underway: firefighting foam, food packaging, drinking water.
1 Review updated/new chaptexscommentswill be acceptedon the updated chapters.
Responses will be provided after the 2019 public comment period (summer 2019).
1 Discussoreliminary ecommendationg; requesting comments and suggestions from
interested parties; due a week after the webinar.
1 Submit commentgnline.

Quick summary of PFAS CAP efforts:
1 PFAS CAP Advisory Committee and interested panttsn 2016, 2017 and 2018
1 September 2017 Draft PFAS CAP chapters posted:

Intro/Scope Environment
Biosolids Health
Chemistry Regulations
Ecological Toxicology Uses/Sources

9 March of 208, Ecology and Health published the Interim PFAS CAP.
f ¢KS Hwnanmdop dzLIRFGSR tCl{ /1!t AaOKFLIWISNARE (G2 0SS LRa
PFAS CAP website):

Biosdids Analytical methods (new)
Ecological Toxicology Chemistry

Environment Fate and Transport (new)
Regulations Economic analysis (new)
Uses/Sources Preliminary

Health Recommendations (new)

Questions- contact Kara Steward dtara.steward@ecy.wa.gav

This document is posted on the PFAS CAP Website
https://www.ezview.wa.gov/?alias=1962&pageid=37105

Intro to Updated PFAS CAP documents Jan/Feb/Mar 2019


http://wt.ecology.commentinput.com/?id=GAaDQ
http://wt.ecology.commentinput.com/?id=x2ChA
mailto:kara.steward@ecy.wa.gov
https://www.ezview.wa.gov/?alias=1962&pageid=37105
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Abstract

Public health concern abopér and polyfluoroalkyl substanceBEAS has grown as an
increasinghumber ofthese chemicalaredetectedn drinking water, food samples, house dust,
indoor air, and in wildlife and human biomonitoring studlasWashingtonperfluoroalkyl acids
(PFAAs) have been identified idrinking water inlssaquatand in and around thremilitary
basesJoint Base LewidvicChord, Naval Air Station Whidbey Island, and Fairchild Air Force
Base In each arearinking water samples exceeded lifetime health advisory level d.07
Hg/L (ppb) set by the U.S. Environmental Protection Agency (ERZ016 PFASbased
firefighting foamis believed to behie primary source of contamination at all of these areas

People can be exposed to FF#om a number of sources. These include contaminated drinking
water, food grown in contaminated soilsimicontact withfood wrappershat contairPFAS fish
caught from contaminated waters, and indoor air and dust that aletarRFAS from carpets,
textiles and other househol@ims. Although, it has beelifficult to assess which sources
contribute the most to human exposure, studies identify food and drinking watefikslyhe

main roues of human exposure

ExposuretPFASi s wi despread. The PFAAs mostl-commonl
perfluorooctane sulfan ecid (PFOS, perfluorooctanoic acidRFOA), perfluorononanoic acid

(PFNA), andperfluorohexane sulfoa acid(PFHXS - are well absorbed when ingested. Because

it takes a long time for our bodies to excrete theg#uoroalkyl acidsRFAAS), they

accumulate over time in our blood and tissues. PFOA, PFOS, PFNA, and PFHXS are routinely
detected in serum of nearly all g testedThe National Health and Nutrition Examination

Survey (NHANES) data shows declines in blood concentratbR§OA and PFOS$elated
compounddollowing phaseouts in U.Sproduction and use

Animal studies provide strong evidence of developmeaxicity and other health effects for a
number of perfluoroalkyl compoundat low doses, PFOA and PFOS causalformations|ow

birth weight,delayedmammary gland development, aateredneurodevelopmanPFOA and

PFOS carcause liver toxicity and tuars, alter hormonesd timing of sexual maturation and
suppressmmune response in laboratory animals. The available epidemiologic studies suggest
links between PFAAs exposure and several health outcomes including increases in cholesterol
levels, reductin in birth weight, reduction in immune antibody response to childhood vaccines
and increases in rates of some cancers such as kidney and testicular.

TheWashington Department of Healbffers voluntaryPFASsamplingin drinking waterto
certain public water systemsuaderstand occurrence of these chemicals in our state, and to
know if the water is safe to drinkOH recommends that public water systems atheér

drinking water systemillow the 2016 EPA drinking water advisory for PF@Ad PFOS.

DOH alsosupporsthe State Board of Heal{®SBOH)in developing state drinking water
standards for PFA#&

1 Serum is the part of our blood left when red blood cells, white blood cells and clotting factors are removed.
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1.0 PFAS contamination of drinking water in Washington
state

Per and polyfluoroalkyl substanceBRAS) contamination has been found innding water in
several areas of the stakie all cases wherdrinking waterexceeédthelifetime health advisory
level (LHAL) of 0.07 pg/Lset by EPAN 2016 water system#ok action tomeet the health
advisory. Available state data goeesented belv with a summary of actions taken in eacha.

1.1 PFAS monitoringunder EPAG6s Unregul ated Cont a
Monitoring Rule (UCMR3)

During 20132015 132 publicwater systems in Washingteonducted monitoring fasix
perfluoroalkyl acidsRPFAAs) underE P A BGMR3. The systems includkall 113 large Group
A? systems that serve more than 10,000 people and 19 smaller syEtesgstemsestedcover
the majority (94 percent) of Washington residents served by public water systems. 8ix PFA
(perfluorooctane sutinic acid(PFOS, perfluorooctanoic acidRFOA), perfluorononanoic acid
(PFNA), perfluorobutane sulfaa acid(PFBS andperfluorohexane sulfoo acid(PFHxS, and
perfluoroheptanoic acidPFHpA)) were measuredsing EPA Method 537 with reporting limits
between 0.02 and 0.04 parts per billion (ptHOA and PFOS levels above the laboratory
reporting limits were detected in three Washington public water systems [jJablely one, the
City of Issaquahhad a sarce thaexceededhe LHAL for PFOA and PFOS.

Table 1. Washington State P¥As detections 201-2015, EPA Unregulated Contaminant
Monitoring Rule compared to the 2016 ER#&time health advisoryevel.

Issaquah Water System 0.49(F 0.79¢

(one well)

City of DuPont Water 0.030 0.030 0.07
System(two wells)

JBLM - Lewis (two wells) 0.0137 0.051 0.061

alssaquah detected six PFAAs, City of DuPont detected only PFOA, and Fort Lewis detected PFOA and PFHpA.

bThis well was blended 1:4 with an uncontaminated well before distribution, so the conceofr@fA and PFOS combined
at the nearest homes waes#r to 0.10 pplevels were lower still in other parts of the Issaquah water system.

1.2 PFAS monitoring post-UCMR3

Since the UCMR3 sampling, several military bases besteddrinking watersourcesn
response to a directive from the Department of BedfL-3]. This voluntary testing effofound
PFAAs in drinking watersourcesat or near McChord Airfield, Fort Lewis, NAS Whidbey and

2 Group A water systems have 15 or more service connections or servendfegueople 60 or more days per year.
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Fairchild AFB (Table2). The primary source suspected at each bdgefighting foam.Each of
these military installations has conducted additional monitoring to determine the extent of
PFAAs contamination in drinking water wells both on andlmde The military hasalso
provided treatment assistancenwarby privatavell ownersand public water systents reduce
exposure to PFAAs

Table 2. Military detectionsof PFOS and PFOM public and private drinking water welear
U.S. military basesr Washingtorcompared to the 2016 ER#etime health advisoryevel.

Naval Air Station Whidbey 2 3 0 .03 3. PF(
Island (Nov, 2016Jun, 2017) 0.DiD . 6 6 P 0.07
Fairchild AFB 369 89 0.073i 5.7
IncludesCity of Airway
Heights (January, 2019)
JBLM 21 5 Lewis Golf Course:
0.069-0.078
Lewis well17:0.071-
0.088

McChord Field(3
wells). 0.0760.250

City of Issaquah

As part of the EPABDBILD), the€QtRa Issaguah discovgred PRAB,L 3
PFHxS, and smaller amounts of PFOA, PFIAJdPFHpA in one production well in their public
water system. PFOS concentration in the affected well ranged from 0.4 td/I0 &ndgPFHXS

ranged from 0.201 to 0.241 ug/L. Other PFAS were less than 0.03\\Wgtier from thewell
wasblended in a ratio of 1:4 with a deeper adjacent thell was PFASreebefore it entered the
distribution system. After blending, the water leviel dot exceed the 2009 provisional EPA

health advisory, which was 0.4 pg/L for PFOA and 0.2 pg/L for PEDSn November 215
additional sampling across the Issaquah system found PFOS was at 0.106 pg/L at the entry point
of the two blended wellsaandlevels ranging from 0.068 to 0.038 pg/L in more distant areas of

the distribution system. At each site, PFHXS was present at about half the PFOS concentration.
PFBSwas also detected in the contaminated well in the 2015 samiplidgnuary 2016, the city

shut down the well and eventually invested over $1 million in a graaataated carbo(GAC)
treatment systenmstalled in May 2016Since June 201 @he treatment system sibeen

effective at removing PFOA and PFGd is routinely tested for performaze. The city

investigated th@otentialsource of contamination, and concluded that the likely source was the
Eastside Fire and Rescue headquagkaita mile upgradient Soil samples in a fifgghting

training area at the headayters contained PFO&nd PFOS from firefighting foam.r@
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monitoring well and two drinking water production wells operated by nearby Sammamish
Plateau Water system weatsofound to contain PFOA and PFOStiatcelevels[5, 6]. These
wells continue to be monitored.

Naval Air Station (NAS), Whidbey Island

In 2016, the Naval Air Stabn Whidbey Island detected
PFAAsin off-base drinking water wellsear Ault Field

in Oak Harbor and at the Outlying Landing Field (OLF)
soutteastof the town of Coupeville. In October 2016, the
Navy announced it would begin voluntarily testing
drinking water wells for two specific PFAAG.e., PFOA
and PFOS) around those two areas. Consistent with Navy
policy, the base targetddeir testing iroff-basedrinking
waterwells locatedwithin one mile downgradient from
potentialor knownsourceof Aqueous Film Forming
Foam (AFFF) TheNavy continues tdestdrinking water
wellsin these areas with PFAARtections and wells
adjacent to properties wigtxceedances of the LHAL.

As of DecembeR018, the Navy has test@84drinking
waterwells (112from properties near OLF, and28ear
e R ’ Ault Field, including Area 6). Fifteendrinking water
wells exceeded theHAL for PFOS and/or PFOA (eight near OLmRdsevemear Ault Field,

including Area 6) (Table 2). The Naepntinues to provide bottled waterresidentsvhose
results for PFOA and/or PFOS exceed the LHA

TheTown of Coupevillgreferred to as the Towmas detected PFXs in public water wells

nearOLF.-The Town of Coupevilleb6bs water is a blend
the Town is able to keep the levels of PFOA and PFOS belolaHA& [7]. The Town

continues to monitor their wells and are working with the Navy to inst&lAC treament

systemt o keep the Towndés water below the LHAL.

The Navy has conductednumber opublic meetings where they have presented health
information and answered peopl edsPFASI st i ons a
Navy continues to workn its source investigation ahdsa policy regarding removal, disposal,

and replacement of legacy AFEH.

At least twelve small public water systems on Whidbey Island haesltdstir wells for PFAAs
as of June 2017, and none of them had any detections.

In December 2017, the Navy detatfeFAAsIn nine onbase groundwater weli theArea 6
landfill; one well was above tHHA L. As of December 2018, the Navy has sampled 17
drinking water wells and 1@roundwater wellgused for irrigation or noipotable waterpff-
base near the Area 6 Landfilive drinkingwater wells exceeded th¢lAL. No exceedances
for PFOS and/or PFOA were identified for the groundwater f&jls

3 Area 6 was a Navy disposal site from the 1960s to 1990s for industrial (Former Industrial Waste Disposal Area)
and household wastes (Navy Municipal Landfill).
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Fairchild Air Force Base (AFB) and surrounding areas, Spokane County

Fairchild AFB detected PFAAs groundwatemonitoring wellson the basein monitoring

required bythe Department of Defens®rinking water on the bas®mes fromwells several

miles north of the base near the Spokane Raradt a well located on the southern tip of the base
(S01, Well 2). These wellsrenot contaminated with PFOS or PFCBased on groundwater
monitoring results, Fairchild conducted-tfise testing for PFAS in public and private drinking
water wells in several phases. They detectedA2RA private wells east of the base, municipal
wells for the City of Airway Heights northeast of the base, and other community and private
wells to thenorth andnortheast of the base.

As of January 2019, the Air Force has tested 369 drinking water wells. Eighty nirentesid
wells exceeded thieHAL, the levels rangkfrom 73parts per trillion ppt) to 5,700 ppt total for
both PFOS and PFO2ombined Four municipal wells were sampled for PFOA and PFOS and
two exceeded the LHAL (Tabl®). Results provided to DOH for Airway Heights municipal
system showed 1-1.2 pug/L PFOS and 0-8.32 ug/L PFOA in the affected wells. These levels
areabout 17 times higher than thelAL for PFOS and PFOAhe Fairchild AFB policy is to
notify well ownersard immediatelyprovide bottled wateif levels for PFOS and PFOA i
drinking water exceed theealth advisory level.

In response to PFAAdetectionin April 2017, the public water system of Airway Heiglstsut

down theircontaminated wells and used an emergency intertie with the City of Spokane water
system to flush their system with clean water. Flushing included draining reservoirs and water
towers.During the flushing, the city warned residewsst of Hayford Road toot drink or cook
with water from city pipesandFairchild AFB provided bottled water to thefirhe city has since
added another connection to the City of Spokane to supply drinking water while they pursue
treatment optionsof the contaminated wells. Thiene critical removalaction (TCRA) initiated
treatment for PFOS/PFOA in Airway Heights municipal wel[#P Fairchild AFB has designed
and installed a temporary treatment system on municipal wétl gi@vide wateifrom the City

of Spokane during higdemand summer and fall months. The system is degitp operate for
three summer ani@ll seasons, while a loAgrm solution is identifiedrairchild AFB continues
monitoling locations andlevelopng regional geologic settings, geologic cross sectiams, a
groundwater surface maps to understand the movement of contaminants in thendater, a
identify data gaps.

According to aNovember 201@rogress repoi®], Fairchild AFB has installed 68 G&
residential treatment systems out ofi@pacted residential well§heseasonal treatment system
at Airway Heighs municipalwell #9 has been operating since August 2018. The system was
drained and sealed for winteeather in October 2018, ardantidpated to restart in the spring
of 2019.

According to Fairchild AFBthe base has transitioned teader foam that is PFGffee and has
only trace amounts of PFOAhe substitutefoam is based on C6 fluorochemistRairchild no
longer uses AFFHuringlive fire training Hre trucks on base are being outfitted with a test
system that prevents any foam discharge during equipment testing. AFFF use is limited to
emergency responses with immediate containmegntirementsThe Strategic Environmental
Researh and Development Program (SERDP), Environmental Security Technology
Certification Program (ESTQHRs fundingresearch on netluorine-freefirefighting foam
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formulations that can meeth e  mi perfotmanceyréqgsirement®lil -Speg, and are readily
biodegradabl¢10-12].

Joint Base LewisMcChord

The Armyoés Fort Lewis facility aauuentyhe Air Fo
operated as a joint military base, but have separate water systems.

Fort Lewis

Fort Lewis monitored seven drinking water sources as part of the UCMR3 monitoring. PFOA
was detected at 0.051 pg/L in one well and PFHpA at 0.013 pg/L in anotheedbgnt testing

in November 2016 confirmed the previous detections in those two wells and showed PFOA at
just above the LHAL in one well. This well has been offline since, thwhislikely to remain

offline. The November 2016 testing also revealed amttali wells with PFAS contamination. A
well that serves the military golf course near DuPont had levels just above the LHAL. Bottled
water was supplied at that facility, and peifituse treatment devices arew used to reduce
exposure to PFAs. The primay source of drinking water (Sequalitchew Springs and infiltration
gallery) for the vast majority of the main base generally has around 0.02fUgAROS and
PFOAcombined

McChord Field

McChord Field was not involved IdCMR3 monitoringbecause the popation served by

Mc Chordodos water syst em latheNovember 2@0lénomgoringas bel ow
conducted at JBLM facilities, PFG#id small amounts of PFORere reportedh threedrinking

water wellsserving McChord Fieldotaling 0.25, 0.216, and 0.071 pgfespectively A few

other wells have levels of PB2and PF@ below the LHAL.In March 2017 the Air Force

announced it had shut dowvimethreewells that contained PFOS and PF@#ove the LHAL.

JBLM staff believes contamination both areas came from firefighting foam used through the

early 1990s for firefighter training at several locatiassociated wittvicChord Field's runway

and Fort Lewis Gray Army Airfield, as well as other potential sources such as landfills

Accordingto JBLM staff, use of foams containing PFAS was discontinued more than 20 years

ago.In Jauary2019DOHG6s Of fi ce of Drplanskoiinstal GRGtteamenta p pr o
atthefour drinking watermwells with the highest levels of PE¢s that serve McChal Field

Another military site managed by JBLM, the Yakima Training Cem¢sted drinking water for
PFAAsin November 2016, and there were no detections.

City of Lakewood, Lakewood Water District

The Lakewood Water District testéide of its drinking water wellsas part oftie UCMR3
monitoring, and no PFAAwere detected at that timla.its most recent monitoring for PiA&
in October 2018Lakewood sampled sevevells near JBLM.Wells in the shallower and
intermediate depth aquifers had detectidnBAAS (primarily PFOS and PFHxShile wells
in the deeper aquifer did na&ll results for PFG plusPFQA arebelow theLHAL [13].
However the levels of PFOS plus PFHXS in two wells were slightly above 0.0 pgbwood
WaterDistrict has been proactive aedaluated options to remove these PFAS at |alsise
0.07 ppb They have removed the two w&ltom operationin early2019 Lakewoodplans to
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install GAC treatmenat thewell closest tdMlcChord Field Lakewood willcontinue to test and
monitor its system for PFAs [14].

City of DuPont

As part of UCMRS testing, the City of DuPont detected levels of PRO#u(d0.03 pg/L) in
two wells in the southwest areaitsfdistribution system. PFOA arRFOSwere not detected in
the three wells serving the north and east areas of the distribution slysteatober 2018
DuPont conduedfollow-up monitoring for PFAS, but the results were inconclusive due to
detections in the quality control samples

City of Tacoma, Tacoma Public Utilities

Tacoma testeids South Tacoma Wellfield as part of the UCMR3 monitoring, and noABFA
were detected at that timie.late summeR018, Tacoma Public Utilities testéar PFAAS in

some of the individualells at thesouthern end of its South Tacoma Wellfielthis was a
voluntary effort to understand HFAAs existed in its water sources near JBLOhOe of the wells
sampledWell 10C which supplies a tiny fraction of the drinking water produced by the
wellfield, and sin the shallow aquifer3howed PFAs levels thaslightly exceeded theHAL.
Tacoma notified customers and closed the well for additional testing and maintenance. The
exposure risk walimited to customers who collectathfluoridatedwater in their own ontainers
from this well. Tacom#& &reen Rivesource which servesll Tacoma Water customers with the
vast majority of their drinking wateshowed no detections of PRA[15].

2.0 PFAS exposure in people

ExposuretoPFASi s wi despread. The PFAAs most commonl y
- PFOS, PFOA, PFNA, and PFHx&are well absorbed when ingested. Because it takes a long

time for our bodies to excrete these PFAAs, they accumulate over timebioodand tissue

Other PFAAs likeperfluorobutanoic acidRFBA), PFBS andperfluorohexanoic acidPFHXA),

are more efficiently excretednd are less likely to accumulate in our bodies overtiiost

otherPFASdo not have methods for measurement and havieenioicluded in biomonitoring

studies There areghousand®f PFAScompounds and only about 30 have been looked for in

human exposure studies.

Since 1999, th€enters fo Disease Contrand PreventiolCDC) has regularly measured for

12 PFAAs in the U.Sgeneral population using the National Health and Nutrition Examination
Survey (NHANES)PFOA, PFOS, PFNA, and PFHXS are routinely detected in serum of nearly
all people testefll6, 17]). The datan Figure 1show declines iblood concentrations following
phaseouts in U.S. productigrand use of PFOA and PF@8ated compound4.8, 19] Similar
results and trends were reported in a large study of American Resltflwosl donors from 2000
through 201520].
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Figure 1. Median levels of PFAAs serum from a representative U.S. population, National
Health andNutrition Examination Survey. A phaseit of U.S. production and use of PFOS and
PFOA occurred between 20@P15[17].

Recent expsure estimates for measured PFAAshe general U.S. population are availahle
Figure 2and includeadults[17], pregnant wome[21]) and childrer{22]. These studies
collected serum samples from U.S. populations with no known industrial stelevated
PFAAsexposure. The levels measured in these studies likely reflecicoupationbexposures
to PFASIn our diet, consumer products and homes. Biomonitoring data for the general
population of Washington is limited to one study in 2004 by i©&tel., in which seven PFAAs
compounds were measured in stored blood serum of 238 elderlgndemomen in Seatt[@3].
Thesdevels were comparable to national levels in adults at the[lifje
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Figure 2. Median PFAAs serum levels in the general U.S. population.

A number of studies have also investiga@tASconcentrations in serunf subpopulations. In

the NHANES 2012014 study serum concentrations were lower in young people (ages 12 to 19)
compared to the total general population, and were higher in males (median PFOA, 2.37 ug/L,
PFOS 6.4 pg/L) than females (median PFOA, 1.67 pgitd,RFOS 4.0 pg/L). Mexican

Americans had lower median serum concentrations thasspanic whites or nohlispanic
blacks[17].

The Asian/Pacific Islander Community Exposures study (this cantynig part of the

biomonitoring program in California) found sidicant associations between PFAgerum

levels and demographic factors such as age, sex, U.S. residency, birth country, household

income, and language. Researchers concluded that Califéorei r e gi on al i mmi gr at
racial/ethnicity patterns may coriiute to differences in PFAAend other contaminants across

the statg24]. The PFAAsserum levels on these communities were similar to the levels found in

the NHANES Asian community (§ure 3).
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Figure 3. Geometric mean PH#&s serum levels in the Asian and Pacific Islander communities in
San Francisco Bay Arda4].

2.1 Communities with elevated PFAAs exposure

It is well established th&®FAAs exposure is highan communitiesmpacted by industridPFAS
emissions and waste. Figure 4 show the higher concentrations of seruks iRFs&veral
communities impacted ByFASmanufacturing plants in Minnesota and Alabaarad

commercial use dPFASIn New York and Vermont. These communities had extended exposure
to elevatedPFASIn their drinking water.
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Figure 4. Elevated serum PHXs levels(ug/L) in communitieswith drinking waterimpacted by
industrial sources compared to the U.S. general popul@tiBl ANES)[17, 2529].

Decatur, Alabama

In 2007, a maufacturer oPFASIn Decatur, Alabama, notified EPA that perfluorocarboxylic
acids (PFCA) were discharged into the Decatur Utilities Dry Creek Wastewater Treatment
Plant. From 1996 to 2008eated sewage sludge (biosolids) from Decatur Utilitiesapadied
repeatedlhas a soil amendment on about 5,000 acres of privately owned agricultural fields in
Lawrence, Morgan, and Limestonaunties in Alabam{25]. As a resultPFASchemicals were
found in the Decatur Utilities biosolids, surface water, groundwater, and drinking water. PFOA
was detecteth 57 percent of surface waters near the fields. Four out of 19 (22 percent) private
wells had PFOA concentrations abdkie LHAL of 0.07 pg/L[30].

PFAAswere measured in the serum of people lived and worked in the affectestea Serum

PFOA concentrations in 121 residemtsth affected public drinking wateranged from 2.2 to

78.8 pg/L.Serum PFOA concentrations iasidents served by nipeivate drinking water wells

with detectable leve)sanged froni/.6 to 144 ug/L30]. Workers from the 3M manufacturing

plant in Decatur were algested for exposure. Mean blood serum concentrations of PFAS in
occupationally exposed workers ranged from 1,290 ug/L to 2,440 ug/L for PFOS and from 1,460
Mg/L to 1,780 pg/L for PFOA31].
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Minnesota- East-Metro Area

The Minnesota Department of Health (MDH) conducted a community exposure assessment of
PFAS released from the 3M Cottage Growmofacturing facility andeveral local landfills

where the plant had disposed of wastes in the 198@s, and 970s. Several PFAAsere

detected in public and private wells in the East Metro area of Minne&itdHaul. PFOA and

PFOS levels in municipal wells ranged from raetect to 0.9 pg/L. In private wells, the levels
ranged from nofdetect to 2.2 pg/L for POA and nordetect to 3.5 pg/L for PFORB2].

Drinking water contamination was discovered in 2@ water filtration to remove PFAAs
wasdeveloped anthstalled in 2006. Biomonitoring was conducted to assess community
exposue in 200927]. In 2014, followup biomonitoring was conducted to assess water filtration
as a publihealth intervention. Eight PFAAsere tested in 149 longrm residents of Oakdale,
Lake Elmo, and Cottage Groweho drank contaminated drimg water before the intervention

and had participated in past studies. PFOS, PFOA, and PFHxS were found in the blood of almost
all long-term residats tested. Levels of these PFAdecreased between 2008 and 2014 in most
people. On average, individual ks of PFOS went down by 45 percent, PFOA by 59 percent,
and PFHXS by 34 percent over six years. PFAS blood levels irtdomgresidentsverestill

higher than those in the U.S. populat[@i]. Sex and age were related to PFA&gels, and

older people and men had higher PAs4evels.

Water filtration iseffective at loweringexposure to PFAA® people Data collected biviDH

(Figureb) demonstrates that installing water filtration systems to remove PFAAs compounds

from contaminged drinking vater reducederum levels of PFAAs in exposegsidents.

Similarly, serum levels of PFOA from two communities in Mithio Valley (Little Hocking,

and Lubeck) residents drinking contaminated water also declined after the water was treated with
GAC filtration system in the public water supp8a].

40
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Figure 5. Median serum levels at three time points in Misota residents after water filtration
was installed to remove PFAA®mM contaminated drinking watg34].
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New York State Department of Health (NYSDOH)

NYSDOH conducted blood PFAARsting in four communities served by public water siegpl
Hoosick Falls (Februarly April 2016), Petersburgh (April 2016), Newburgh, and Suffolk
County (Westhampton area). These communities were affected by industrial pollution and the
main contaminant tested was PF(28] [35].

NYSDOH conductedrainvestigation otancer incidence in Hoosick Falls from 192314,

focusing on cancers that have been associated with PFOA exposure. NYSDOH published the
results of the investigation in a reportand madeiibpl i cl vy avail able on the
Higher rates of cancers associated with PFOA exposure were not found in the stfi@§]area

Vermont

In early 2016, the Vermont Agency of Natural Resources/Department of Environmental
Conservation sampled five private drinking water wells and the North Bennimgtoicipal

water supply for PFAAg-ive private wells tested showed PFOA concentrations ranging from 40
to 2,880 ppt, above thet a driekihng water health advisory level of 20 pPublic water testing

in Vermont indicated detectable PFOA contamination in public water supplies. This was
associated with localized air emissions or discharges. Of the five public watensyiste tested
positive for PFAAsthree were pauf the Bennington PFOA problemane was the public water
supply found to be contaminated in Pownal (Pownal Fire Digyjend the other was the public
well serving the Airport Business Park in Clarendt®n.

In April 2016, blood testing was conducted in Vermaspart of thetsat eds response t
contamination of drinking water wells in North Benning{88]. There were 47adults and

children in the studyPFOA blood levels for the Bennington/North Bennarggroup ranged

from 0.3 to 1,125.6 e€g/ L. The geometric mean
population[39].

Figure 6showserum levels in two communities with drinking water contamination impacted by
PFAS-containing firefighting foam, which is aldbe suspected sourcePFAScontamination
here n Washingtorstate.

A national study iplanned to better understand the #ipeexposures and health impacts
associated witfirefighting foam at military based he study will beconducted bycDC, and the
Agency for Toxic Substances and Disease Regi€iB] ATSDR).
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NHANES, 2013-2014 Pease Tradesport, NH, 2015 Southern, NH, 2016 (n=147)
(n=2165/2168) (n=1578)
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Figure 6. Geometric serum leve(gig/L) in two communities with drinking water impacted by
firefighting foam.NHANES is a general populati@mampleused as a reference.

Peasdnternationl Tradeport, New Hampshire

In May 2014, PFAAsvere detected in public drinking water in one of three wellsesPease
Tradeport in Portsmouth,.N. The suspected contamination source is firefighting foam used at
the former Pease Air Force Basethe Haven wel]lPFOS and PFOA were detected at
concentrations of 2,500 ppt and 350 ppt, respectively, promptir@ityef Portsmouth to shut
down the well on May 12, 2014. PFHxS was also found at concentrations of 830 ppt in the
Haven well.

Due to concern about PFAAposure, the New Hampshire Department of Health and Human
Services (DHHS) implemented blood testing people in communities where PR&were

found in drinking water abovie EPAlifetime health advisory level. These communities were
residentsrom the Pease Tradeport and southern IStetting in April 20151,578 members of

the Pease Tradeport commiyrtiad their blood tested for PFOA, PFOS, PFHxXS, and other

PFAAs. PFOS, PFOA, and PFHxS, were detected in more thperédnto f par t i ci pant s
samples; PFNA was also detected in the majori
mean serumvalse of PFOS, PFOA, and PFHxS were 8.6 ¢g
respectively, which were statistically higher than the U.S. populptiym1]

In 2016, DHHS expanded blood tesjifor PFAAsto residents ofauthern New Hampshire

affected by firefighting foam contamination. Since 2016 and 2017, 694 residents had their blood
tested. Overall, people from these communities had higher blood PFFQS,R_Rnd PFHXS

levels compared with the general U.S. populaliij.
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22Chil drenbdés exposures

I n the gener al sewmnlevelsadf theoprimary @FAkIEcatured aré aften

similar or lowerthan adult levels. Table 3 presents results from ssldmbmonitoring studies of
PFAAsin serum of U.S. childrerA study of 598 childrepages 2 to 12 yearsin 1994and1995,

by Olsen et al., reported that children were comparable to adults in their PFOS and PFOA levels
However children had substantially higher 95th percentile values of PFHXS and
perfluorooctanesulfonamidoacetf&]. The higher levels in this subset of children may have

been related to chiddpecific patterns of exposure to household itesush as treated carpend
textiles. In a 2009 study-to-2-year oldchildrenhadmedian serum levels of PFOA, PFOS and
PFHxXS lower than adults in NHANES from the same ygBtb This study reported no

difference between genders, and increased concentrations with age.

A nationally representative subsamplé8D childrenages3-11 yearsin NHANES 20132014
detected PFOA, PFOS, PFHxXS, and PFNA in all children at levels similar to those of NHANES
20132014in adblescents and adults (Figure[45].

Whendrinking watercontainselevatedPFAAs, ¢ h i | dxpesaréasefrequentlyhigherthan
adults.This may reflect agspecific consumption of drinking watdsreastfeedingyr otherage
specific behaviors that increase exposBeasél radeportchildrenhadsignificantlyhigher
medianserumPFOS PFOAandPFHxS levelscomparedvith adultsandchildrenfrom the
generallJ.S. population(Figure7) [40]. Childrenyounger thari2 yearsn the C8 studywith
elevated exposures to PFA/&sdrinking water, especially PFOA, had higher PFOA, PFHxS
and PFNA serum levels than adults (Figur@8).

A 2018 study investigated maternal transfer of PFAAZtm-4-monthold infants, specifically

the influence of maternal serum levels, gestational age, Hesmhng, and contaminated

drinking watel{47]. Maternal serum levels of PFHxS, PFOS, PFOA, PFNA, PFDA, and

PFUNDA during pregnancynd a few weeks after delivesignificantly contributed to infant

PFAA serum | evels, reflecting both placental
PFAAs transfer from mother to infant decreased with increasing RFehAin length. Compared

to their mothers, infantgving in an area receivingFAScontaminated drinking water had 3

fold higher mean serufFBS and PFHXS levelgl7]. Other studies suggest that the efficiency

of PFAAs transfer from mother to infant decreases with increasing perfluoroalkyl chain length
[48-51].
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Figure 7. Median serum levels (ug/L) in adults and children NHANES generalgdgilation
(20132014) compared with children from Pease Tradeport, Portsmotki, N years of age

and yainger, and 12 years of age and older (Pease Tradeport PFC Blood Testing Program:April
201571 October 2015)40, 45]

C8 study, children (less than 12 yr old) C8 study, total adult population
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Figure 8. Population median serum levels for the C8 health study, Ohio River Valley. The study
enrolled 69,030 participants over at®nth period in 20052006[46].

2.3 Firefighters

Biomonitoring studies that measured PFAAserum of fire fighters have been published in the
U.S. and other countries. AFFF ClasfoBm has been used by firefightatsairports, petroleum
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refineries and termmals, large chemical plantsiilitary installationsand along rails and roads to
extinguish fires involving burning petroleuand other flammable liquid®FOS, PFOA,

PFHxS, and PFNA were the most commonly detected PFAS in the blood serum of 200
California firefighters (Firefighters Occupational Exposure (FOX) st{3). The median

serum levels of California firefighters weskghtly higher for PFOS, PFOA and PFHxS
compared to NHANES levels (Figure 9). In 20ABC NewsAustralia repogdthat PFAAs

levels were 20 times higher in aviation firefightemm Australia, according to a study
conducted by Airservices Australia. PFOS levels were 10 to 20 times higher than the general
population[53].
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PFOS PFOA PFHxS PFDeA PFNA
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Figure 9. Median blood serum levels in California firefighters (n=200, Firefighter Occupational
Exposures (FOX) study) vs. adult men in NHANES 2Q0Q1 (n=876).

Overall,average PFAAgvels in U.S. firefighters appear to be slightly above the general
population,and this is an area that needs more detailed studies. FirefRifA&ievels depend
on the type of AFFF exposure and formulation, years on thggaer and the number of
blood donations. Firefighters engaged in more extensive exposure with AFF tdainmg
operations, especially older formulatiomsay have higher levels of PFAAstheir serum than
the general population.
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3.0 Sources and pathways for human exposure

Most people tested in the U.S. have sé?RASin their blood. This ubiquitousxposure appear
to come from:

Non-point or diffuse sources
Dietary exposure to PFAS in the global environnjgat.
A Eating foods that have been in contact with PfeaSted food papefs5, 56]

A Swallowing or inhaling indoor dust drair in homes, offices, and other buildings
with PFAScontaining consumer produgctich as treated carpets or furnit[5é-
62].

A Using consumer products thattain PFASingredients such as certain cleaning

products, cosmetics, carpet treatments, car washes, water proofing sprays, and dental
floss[63-65].

Local sources around a release site.

A Drinking contaminated wat¢66-68].

A Eating fish and shellfish or wild game from contaminated dB£js

A Eating animal products (meatygs, milk) or cropsxposed to contaminated feed,
soils or watef69, 70]

A Work exposures: making or processing PFé&fataining materials gtour job, using
PFAScontaining products at your job (e.g., fire fightdB5)].

While dietary intake ishe primary pathway of exposure for mpsbple, water consumption
may predominatevhen drinking water contains elevated level®BAS The primary pathways
of exposure are described in more detail below.

3.1 Drinking water

Drinking water has been a significant source of human exposureasahere contamination
has occurred?FASthat are soluble in water, mobile in soil and persistent in the environment are
prone to contaminate surface and ground water when released into the environme

According to Hu et al, 2016, the two most signifitesk factors for U.S. dnking water
contamination arproximity to military fire training areas angroximity to industrial sites that
make or us®FAS[71]. Leachate from landfillend land applications of biosolids have also
contaminated groundwater and drinking w#&-80]. PFASwere found in groundwater
monitoring wells located near these landfifacilitiesnearbythatacceptd industrial wastes
impacted private and public wells, and municipal drinkirager.

Three Washington mthry bases have discovered PFAZmtamination of groundwater

associated with fire training are®=AScompounds were not manufactured in Washington, but
industrial sites may have releag@8ASthrough their use of PFA&ontaining productsPFAS
compounds are not regulated by existing air or water pollution regulations and are not reported
under currentidcharge permits. Consequentlye have little information aboebmmercial or
industrial sites wherBFASmay have been used or released in Washington (see more
information in the uses section).
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The New Jersey Drinking Water Quality Institbitelealth HEfects (NJDWQI) Subcommittee and
others indicate that ongoing human exposure to PFOA in drinking vestdts inserum levels,

on averageabout100 times the drinking water concentration (i.e., serum: drinking water ratio of
100:1)[81, 82] PFOS in drinking water isstimated to result in average serum concentrations
172 times the concentration in drinking wd&3, 84] These approximate ratios were observed

in a recent study of California teachers who lived in zip codes with detectable but modest
drinking water levels of PFOS and PFOA as measured in the UCMR3[8d]dWater
concentrations in this study ranged fr/lom 0. 02
for PFOS. hese ratios have not been observed in atbermunities with elevated drinking

water levels. kevels in serum are likely to relate how long the drinking water exposure

occurred, the timing of serum sampling relative to when the exposure occurred, individual
consumption and use patterns of drinkimater, and other unknown factors.

3.2 Food

Food isthe primary waynost people are exposed to IEAAs commonly detected in human
serum[31, 85] Only limited direct testing has been conducted®BASin North American

foods. In the U.S. and Canada, PFOA and PFOS havedatected in snack foods, vegetables,
oils and butter, meat, dairy products, wild and farmed fish, shellfish, fast food, and microwave
popcorn[86, 87] Dietary exposure studies reported a positive association beRirFdedserum
concentations in @lifornia children and adultsand their consumption of butter/margarine, fish,
meat products, and microwave popcf88]. Anothe study found an association between higher
fish and shellfish consumption and sevétBASin a representative sample of the U.S.
population[89].

The European Food Safety (EFSA) Panel on Contaminants in the Food Chain recently assessed
over 20,000 PFOA and PFQ@é&sts results from common foosismpledacross the European

Union. The EFSA panel concluded that fish and other seafood, meat and meat products, and eggs
and egg products were important contributors to chronic exposure for PFOS to Europeans. Fish
and othe seafood were important contributors to chronic exposure for HBQA

SomePFAS especially shortechain PFAAs, may be taken up by food plants growing in
contaminated soils, biosolids or waféd, 91] PFAS that bioaccumulate build up in livestock
and fish when present in their food or wg@2-96]. PFASmay also migrate into fodidom
coated food wrappers, fastdd containers, microwave popcorn, and-stiok baking papers
[56, 97, 98]

3.3 Consumer products

Contact with consumer products is a potential source of human expofikaA$oAlthough

PFOA and PFO&re not readily absorbed through skin, residues on hands can be absorbed if
swallowed. Inhalation of volatilEFASis another route of exposurkccording to EPA,

commercial carpetare liquids, treated floor waxes, treated feodtact paper, and thread

sealant tapes are likely the most significant sources of human exposureRé-ARB® the U.S.

[99]. For example, disproportionately high serum levels of PFHxS, PFOS and PFOA in one
family waslinked to repeated household carpet treatments conducted with a Scotchgard product
[64]. High PFAAslevels were identified in ski waxes, leather samples, outdoor textiles and some
baking paperfl00]. A large number of other consumer products may also coPEAS
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ingrediens including cleaning products, automotive products, s&sistant carpets and
upholstery, water proof clothing and gear, and personal care products including cosmetics and
dental floss. Better studies are needed to understand their contribution torexposu

Carpets

A 2016 Danish survey examined the conterRBASINn carpets and assessed the potential
impact on children oPFASthat volatilize into indoor air. The survey determined that rugs emit
many different kinds of volatile compounds to the indaofeg., phthalates arfedFAS. PFOA
and PFOS were found in all rugs tested; offfeASsuch as is@®FOS and 4H
polyfluorooctanesulfonic acid/6:2 fluorotelomer sulfon@® FTSA) were also detectedin
analysis ohealth risk (based on an oddrivedno effect level [DNEL] of 0.03 pg/kg day)
concluded that rugs in the study were not a health hazard for cHld&nShortchainPFAS
chemistries (e.g.,-6arbon sidechain fluorinated acrylate and methacrylate polymerd, a
fluorosurfactants) have largely replaced lar@inPFASIn these household items. In February
2018, the California Department of Toxic Substances and Control proposedPteASin

carpets and rugs as priorities for action under the Safer ConsundeicRrregulationConcerns
included the hazard traits and potential for kb@gn exposure to people and the environment.
This proposed actiois still under consideratio®FOA, PFHxS and PFOS may still be released
from older carpets, floor wax, leathapparel, upholstered furniture, paper and packaging,
coatings, rubber, and plastics.

Cosmetics

Polymeric (e.qg., fluoropolymer, perfluoropolyether polymers, andchdén fluorinated
polymers) and nopolymeric (perfluoroalkyl and polyfluoroalkyBFAScompound have been
detected in personal care products and cosn{@fi¢sSome gamples include dental floss and
micro powders used in creams and lotions, cosmetics, shampoos, nail polish, eye arakeup,
denture cleaners.

PFAAs, including PFOA, have been detected at low levels in personal care products such as
cosmetics and sunscree The levels ranged from noetect to 5.9 pg/g for cosmetics and from
non-detect to 19 pg/g for sunscreens. High concentrations of BEE5ug/g) were found in talc
treated with polyfluoroalkyl phosphate esters (PARBR] A recent survey on cosmetics was
conducted on the Danish market. The results from the survey showed that a variety of fluoroalkyl
substances and other fluorinated compounds are present in cosmetic products. With the
exaption of sunscreens, the highest measured concentrations were found in foundations (2,160
ng/g) for PFOA103].

3.4 Indoor air and dust

As certain consumer products degrade with normal wear and teamaysgontribute t¢®FAS
levels in indoor dust and air. Indoor aiindaledby occupants and indoor dust is both inhaled
and swallowed, especially by young children who crawl on the floor and engage itohand
mouth activity.

In 20002001, a number dFAS were measured in U.S. indoor dust samples collected from 112
homes and 10 dagare centes in North Carolina and Ohi®FOA, PFOS, and PFHXA were the
most commonly detected (median concentrations of 142, 201, and 54.2 ng/g, respectively). Some
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dust samjes had very high concentrations of PFOS and PFHxS (up to 12,100 and 35,700 ng/g
respectively]104]. Much lower concentratins were also detected in all house dust samples (n =
18) from Vancouver Canada. PFOA, PFOS, and PFHxA had median values of 38, 37, and 35
ng/g, respectively. PFOA, PFOS, and PFHXS were also routinely detected in indoor dust from
homes, offices, andehicles in Boston, Mas@ 2009[62].

Another Boston study sampl®FASin air in 30 offices in sevebuildings and compared this to
serum levels in 31 office occupants. This Boston study also detectedeaofareyvePFASIN

more than 90 percent tie indoor air samples of officemnd reprted maximum levels of 70
ng/n? for 8:2fluorotelomer alcohol (8:ETOH), 12.6 ng/m for 10:2 FTOH,and11 ng/n? for

6:2 FTOH[61]. Collectively, FTOHs in air significantly predicted PFOA in serum of office
workers (p < 0.001and explained approximately 36 percehthe variation in serum PFOA
concentrations. PFOS in serum was not associated with air leyssflobrooctae
sulfonamiaes(PFOSAg9/perfluorooctane sulfonamido ethas@-EtFOSE$. The compounds

8:2 FTOH and 10:2 FTOH are precursors to PE@#l represent a potential inhalation pathway.

A homewhere carpets had been treated elighés with Scotchgard formations over 15 years

had elevated serum levels of PFHxS, PFOS and PFOA in house dust (2780, 1090, 550 ng/g dust
respectively) and in the serum of family members (PFHXS rangeet23.5g/mL, PFOS

ranged 15.2108 ng/mL, and PFOA ranged 2:9@®3 ng/mL). The authors concluded that the
ingestion and/or inhalation of household dust was the likely pathway of their elevated exposure
[64].

In another exposure study, PFOA, PFOS and PFNA measured in serum of pregnant women in
Vancouvey Canadain 2007 t02008, correlated with precursonemicals measured in the indoor

air of participantsdé homes. Specifically, pos
10:2 FTOH and serum PFOA and PFNahd between airbornié-methyl perfluorooctane

sulfonamido ethandlN-MeFOSB and serum PFOR.05]. The median PFOA levels in dust

observed in the I$. and Canada are higher than the levels found in European co{ibd6és

This may be due to differences in PFAS use and sources.

4.0 Human health concerns

The toxicology and health research on the most cornuetected®FAAs compoundsvere
recently reviewed and assessedsbyeraluthoritative agencies includinige Environmental
Protection Agency (2016107, 108] the Agency for Substances and Disease Red&ii5)
[31] and 018)[109], the National Toxicology PrografNTP) (2016)[110], the International
Agency for Research on Can¢gkRC) (2014)[111], Health Canada (201§)12, 113] andthe
EFSA 201g90]. EPA and the NTP amllaborating ora riskbased appradn for conducting
additionalPFAS toxicity testing anthcilitate health assessmefitd44]. Healthbaseedvalues
derived in these assessments are in Table 4.

While firm conclusions about the effectsRFASon human health are not possible due to
limitations of animal and epamiological studiesandinconsistency in findings across different
human populationshere is broad agreement in thasghoritativereviews that elevateldFOA
and PFOSxposure in humarsveran extended periathay contribute to the following
outcomes:
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Increasd serum levels of liver enzymes and cholesterol.

Immune systersuppressio@ndreducel immune response to vaccines in children.
Lower birth weightsandalteredgrowth and developmeghildren

Alteredhormone signalingespecially thyroid hormones and testosterone

Increasd time to get pregnanand increasirates of pregnaneyduced hypertension
and preeclampsia

Increasd risk of thyroid disease

Increasd some types of cancers, including kidney and testicular cancer.

E I R
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4.1 PFAA concerns

PFOS and PFOA are the best studied and most prevalent PFAAs measured in human serum. The
primary human health concerns associated with these two compounds and other closely related
PFAAs are discussed below.

Liver toxicity and cholesterol levels

In experimental animals, the liver is a sensitive target for exposures to a number of PFAAS.
Specific toxicity observed includes increased liver weight, fat accumulation in liver cells, and
decreased serum cholesterol and triglyceride levels. Degeneriasinges in the liver have been
observed107, 108]

Humans do not appear to be as sensitive to liver injury as rats,animenkeys. In human
observational studies, increased serum levels of total cholesterol axdehavty lipoprotein
(LDL) cholesterol have been associated with higher serum levels of FFEDS, and PFNA
[115-117] Altered liver enzyme levels in serum, suggestive of liver damage, have been
associated with higher serum levels of PFOA, PFOS, and PRH8.20].

Immune toxicity.and hypersendtivity reactions

A 2016 systematic review lifeNTP concl uded t hat PFOA and PFOS
hazar ds 0,based oh evidemae that they suppress the production of antibodies in

response to an agen inexperimental animals and peopl21]. Mice exposed to higher levels

of PFOA or PFOS produced fewer antibodies when challengedawéhtigen. Human evidence

includes observations of reduced antibody response to childhood vaccines associated with higher
serum levels of PFOS, PFORFHxS,andPFDA[122-124]. The NTP review did not find

consistent associations be®n PFOS or PFOA exposure and lowered resistance to infectious

disease in peopld10].

In addition, PFOA has been associated with a singl@ramune outcome (ulcerative colitis) in
two highly exposed populatiof$25, 126]and with hypersensitivity outcomes such as asthma in
some genefgopulation studiefl27, 128] Serum PFOA was not associated with asthma in a
large occupational stud$25]. NTP concluded that there was high level of confidence that
PFOA increased hypersensitivitglated outcomes in animals but only low confidence in
evidence from human studifsl 0].
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Developmental toxicity

There is strong evidence of developmental effects of PFOA and PFOS in experimental animals
including fetal loss, altered fetal bone development, lower birth weight, reduced pwalsurvi
altered behavior in offspring, and altered timing of sexual maturation in offspring at adolescence
[129-133]. PFNA produced many similar effects in mouse studid4, 135]

The most consistent finding in hunmsof developmental effects for PFOA, PFOS and PFHXS is
lower birth weigh{108, 136, 137]A metaanalysis reported thebr every 1 ng/mL increase in
maternal serum concentratidhere was an associated 14.7 gram decrease in birth weight for
PFOA and 2.7 gram decrease in birth weight for PE38]. Slight delays in the age of puberty
have been associated with serum PFOA (girls) and with serum PFOS (girls and B94is)1].

Reproductive toxicity and pregnancy conditions

In some rodent studies, decreased serum testosterone, and chaages iestradiol and sperm
parameters were observed following exposure to PE@5144] PFNA [145] and
perfluorododecanoic acitPEDdADA) [146]. No declinesn fertility were evident in rodent testing
for PFOS, PFOA, PFHxS &FBS[130, 132, 147, 148Mammary gland development was
delayed in female mice exposed to PFOA during fetal development and laft48¢nThe
delays did not impair successfulraing of their young150].

In a general population study, Vested et al. 2013 found that higher maternal serum PFOA was
associated with lower sperm count in boys when they reached young ad{ithbpdn a highly
exposed population in Italy (espetyaio PFOA) young adult men hdmgher serum PFAAs
levels,reduced serum testosterppad semen quality and shorter penis length and anogenital
distance than a comparison population in an uncontaminatefil&&aSome epidemiological
studies report reduced fertility associated with higleeum PFOA PFOS, PFHX$853-155].

Other studies have looked fand not foungdthese associations with fertility. Studies of
communities with elevated exposunave lookedor, and generally not found associations
between PFOA and birth defects, miscarriage ottgma birth. Other PFAAs are not as well
studied.

A large study of an exposed community (C8 Health study) found suggestive evidence that PFOA
increases the risk pregnancyinduced hypertension and preeclampsia, both potentially serious
conditions for pregnant womgh56-159].

Hormone disruption and thyroid disease

Some alterations in thyroid hormone levels have been observed in laboratoayseexposed to
PFOA, PFOS, oPFDA. Thyroid toxicity (hyperplasia, hypertrophy) has been observed in
laboratory animal studies of PFHXS and PFBA but may be secondary to liver tfidaityl 60]

Thereis limited human evidence of increased risk for thyroid disease and hypothyroidism,
especially among women, associated with PFOA and PFOS and PEsIX853]. A number of
other studies looked fpand did not fingassociations. Inconsistent associations have been
reported acrossumanstudies between serum PFOA &¥OS ad serum levels ofhyroid
stimulating hormone (TSH), triiodothynine (T3), or thyroxine (T4L63-170].
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Cancer

Chronic exposure studies in rats have found increased tumors in liver (PFOA, PFOS), pancreas
and testes (PFOA), and thyroid (PFQ®)4, 171, 172]

In 2016, EPA concluded that there was suggestive evidence of carcinogenic poté&atial
PFOA and PFOS in humarizor PFOA EPA reliedprimarily onfindings of the C8 studyand
for PFOS the evidege primary came from observationgligér and thyroid adenomas in
chronic rat bioassay407, 108]

The IARC classified PFOA as possibly carcinogenic to humans (Groupa2Byl on limited
evidence in animajsnd a higher risk of testicular and kidney cancer associated with PFOA
exposure in the C8 health Studyl1, 173] PFOS has not beefassifiedby IARC.

4.2 Shorter chain fluorinated alternatives (PFAS)

While the PFAAs mentioned above readily bioacummulate in people, biomonitoring studies
indicate thatPFASwith shorter carbon chains (e.g., PFBREBS and PFHxA6:2 FTOH are
much less persistent in human sef@@]. Only two shorichain PFAAshave been measured
by the CDC since 199®FBSand PFHpAhave beelinfrequently detectednd the levels are
relaively low compared to other PFAA%75]. ShortchainPFAShave been detected in
breastmilk. For instanceerfluoropentanoiacid PFPeA, PFHXA, PFHpA, antPFBSwere
commonly detected in breast milk among Korean woft&6]. Polyfluoroalkyl phosphate
surfactants (PAPS) (e.g., 4:2 diPAP, 6:2 diPAP, 8:2 diPAP, artidiPAP) were detected in
Canadianbreast milkf177].

There is limited information on the exposure anddibxifor most shortechainPFAS There is
even less information on their commercial prectgge.g., perfluoroalkyl phosphinic acid
(PFPiA), perfluoroether carboxylic and sulfonic acids (PFECAs and PFESA&)80] and
environmental degradatesach as 5:3 FTCA and 6:2 FAS

Some preliminary concerns about some shbain alternatives compared to ledgain
substances includ&79]:

1 Highervolatility mayincreasenhalationexposurege.g.,fluorotelomeralcohols
precursorgandperfluorobutanesulfonamidealcohols).

1 Highersolubility in watermakesshortchainPFAASs suchasPFBA andPFBS more
mobilein soil andsediment.

1 ShorA chainPFASstill havethe potentialfor long-rangetransportTheyaredetectedn
remoteregionsandshowawide spreadistribution[181].

1 Somedrinking watertreatmentssuchasactivatedcarbonsystemsarelessefficient at
removingshortchainPFAS[182].

1 ShortchainPFASaremoreeasilyleachedrom biosolids(producedduringwastewater

treatment]183].

ShortchainPFASaremoreeasilytakenup from soil by certainfood crops[183].

ShortchainPFASmaymoreeasilycrossthe placentao thefetus[168].

ShortchainPFASaresitill highly resistanto microbialdegradationPerfluoroether

carboxylicacidsandperfluoroethesulfonicacidsareenvironmentallystableandmobile,

andhavea high global contaminatiorpotential.

= =4 =
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1 AlthoughshortchainPFASaremorerapidly excretedrom the humanbody,their
prevalencen the environmentmay contributeto chronicexposures.

4.3 Toxicology and health effects of short-chain perfluoroalkyl acids
(PFAAS)

Toxicity information an four commorshortchain PFAAs are reviewed below

Perfluorobutanoic acid (PFBA)

The serumeliminationhalf-life of PFBA in humanswvasestimatedo be 72 hoursfor malesand
87 hoursfor femaleg184]. In laboratoryanimalstudies exposureo high levelsof PFBA
resultedn increasediver weight,changsin thyroid hormonesanddecreasedholestero[185,
186]. Othereffectsof PFBA exposurancludeddelayeddevelopment[187].

In a90-daystudyof rats 30 mg/kgbodyweightperdayresultedn increasediver weightand
reducedhyroid hormonein males[185]. In 28-dayand90-dayoral toxicity studiesin rats,male
ratshadanincreasediver weight,slight-to-minimal hepatocellulahypertrophydecreasetbtal
serumcholesteralandreducedserumthyroxin. The no observableadverseeffect level
(NOAEL)* for maleratswas6 mg PFBA/kg-dayin 28-dayand90-daystudies A NOAEL of
greaterthan150mg/kg/dayin the 28-daystudyandgreaterthan30 mg/kg-dayin the 90-day
studywereobservedn femalerats[186].

Exposure to high doses of PFBA during pregnancy (up to 350 ragfjglid not adversely alter
neonatal survival or growth in mice, although some developmental delays werglid&edhe
relative lack of adverse developmental ef$eof PFBA (compared to PFOA) is in part, due to
the rapid elimination of this chemical.

Studies of health effects of PFBA in humans are lacking.

Perfluorobutanesulfonate acid PFBS)

PFBShas a estimatedgerum elimination halfife of 25.8 daysn humans[189]. In laboratory
animals,PFBSis less toxic to the liver than PFOS, but has the potential to damage the live
kidneys and alter cholesterol levels and blood chemigit8#4, 190] The most sensitive effect
appears to be changes in blood chemidi4g].

In an oral study with mic&2FBSreduced plasma triglycerides (TG) to a lesser degree than
PFHxS or PFOS, which markedly reduced TG and total cholesterol by impairing lipoprotein
production[190].

In a twogeneration reproduction study with the potassium sa&Sin rats exposed to 0, 30,
100 300 and 1000 mgPFBSkg/body weight per dafor 10 weeksshowed increased liver
weight and some effect in the kidneys (minimal to mild microscopic firsdimghe medulla and
papilla) atthe 300 and 1000-mg/kg-day doses. A NOAEL for the parental generatig#® was
100 mg/kgday. Postnatal swival, developmentabnd growth of pups was unaffected in F1 and

4NOAEL is thedose of a chemical at which there werestatistically or biologically significant increases in
frequency or severity of adverse effects seen between the exposed population and its appropriate control. Although
effects may be produced at this dose, they are not considered to be.adverse
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F2 generationexcept for a slight delay in onset of puberty and weight gain in F1 males in the
highest dos§l91].

Studies in humans are lacking. ExposurBf@BSwas associated with an increased risk of
endometriosigelated infertility in a study of Chinese womd®2].

Perfluorohexanoic acid (PFHXxA)

The serum halfife elimination in humans exposed to high concentrations of PFHxA was
estimated to be withindlto 49 day$193]. In laboratory animal€?FHXA toxicity in the liver
wasgenerally mild and reversiblen a 98day studyrats fed withthe sodium salt of PFH& (at

0, 20, 100 or 500 mg/kg bday) hadsignificantly increasecdelative liver weightst the highest
dose. Mild reversible increasm aspartate transaminase, alanine transaminase and alkaline
phosphatase activitiegere nded at the 100and 508mg/kg bwday doses. There was also pale
discoloration of the liver at this dose, but no other treatrelated gross observatiofi®4,

195]. Increased thyroid weiglndminimal hypertrophy of the thyroid follicular epithelium
wereobseved in female rats at 5afig/kg-day dosg194, 195] Effects on kidnewnd tublar
degeneration was observed in a rodent sfuél§]. In reproductive and developmental toxicity
studies, PFHxA was less toxic than PFOA in mice and |38, 197] Decreased pup birth
weight and pup mortality in mice were seen at the hgtieses tested (175 mg/kg body weight)
[187, 198] A cancer study in rodents of PFHXA was negative for tumors or cHlr8fsr

Studies on potential health effects of PFHXA in people are lacking.

Perfluoroheptanoic acid (PFHpA)

There isverylimited data in labatory animalgo assess PFHpAn vitro studies showed that
PFHpA i s as biologically ahowevevtkis aatisity Wafrdd A i n
evidentin vivo, probably because PFHpA was rapidly excreg@d did not concentrate in the
rodent liver[199-203]. People do not excrete PFHpA as rapidly as rodents. In a study of 11
professional ski waxers, it toddetween 31 and 123 days after exposure ceased for their
individual serum level of PFHpA to drdgy half. Astudy of Chinese adults reportetbager
estimated halfife in human serum (1.5 yeai04, 205]

Studies in humans are lacking. Fu e2éi14 did not find that PFHpA in serum of adults was
associated with increased serum lipids, particularly total cholesterol and LDL cholesterol at
environmental exposure levels [57]. Epidemiological studies investigatimgnotoxicity, did

not find assoations between serum PFHpA levels and diphtheria or tetanus antibody levels in
adults[203], or risk of asthma diagnosis, eczema, or wheezing in chi[@@§]. Mattsson et al.
2015reportecthatthe risk of coronary artengisease was higher in individuals wirum

PFHPpA levels in the @ quartileof exposurgbut not the # (highest) exposureuartile[207].
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5.0 Public health advice

5.1 Washington public health advice for PFAS in drinking water

Since EPA established drinking water health advisories for PFOA and PFOS in 2016, the
WashingtorStateDepartment of Healthasrecommenddthat public water systems follote

LHAL for PFOA and PFOSThe EPAadvisoryis intended to provide a margin of Hidga

protection, including fothe mostsensitive groupsover a lifetime of exposure to these
contaminants from dr i nkiof0@70mga (oeparts pdbiloh)dfas advi s
PFOA and PFOS combinedebased on the best available science at the time. EPA used
complex modelling to derive equivalent human doses from animal doses for the most sensitive
endpoint thought to be relevant to humdfBA also used conservative assumptions about
drinking water iigestion ratesand relative source contribution to derive drinking water
advisorieqsee Table 4EPA health advisories are noagulatory and noenforceable

standards.

There are no enforceable federal drinking water standardd-#8&compounds. EPA is

currently in the process of making a regulatory determination about whether to set maximum
contaminant levels (MCLs) for PFOA and PFOEFA decides to developICLSs, the process

of establishingVICLs takes years before regulaticeare adopted.

In the mantime,DOH suppors the WashingtorState Board of HealttEBOH)to develop state
drinking water standards for PP&. The SBOH, in response to an October 2017 petitisn,
consideing whether to set a state drinking water standard or advisory level fok$detected

in state drinking wateDOH is recommending that tH®ard consider theateaction level

(SAL) process for PFAs. This will provide a quicker response and allowtfoe development

of new toxicological data on a broad seP#iASidentified from preliminary exposure studies
that capture potential occurrence in the environmidmg.goal is to implement state standards to
address the PHXs of highest concern to Washington drinking wagerd support the regulatory
framework for dritking water cleanup and mitigatio/e expect a proposed rule in 2019 with
rule adoption by early 2020.

Until the SBOHcompletests rulemaking standards, osecommendtions forprivate well
owners, community and public drinking water systemesas folbbws

1 Review the well log, well depth and casing design, and hydrology of thécaasaess
your risk, if PFAAs contamination has been detected near your water sdiece
encourageystemgdo participate in freg@oluntarywater testing for these contamintgn
when invited to do sby DOH orthe military.

1 Use a validated methpduch as EPA method 537, rev.]vthenteding for PFAAsin
drinking water.

1 If water testing shows th#te concentration of PFOA and PE@ombined in drinking
water is morghan0.070 g/L, use anothesource of water for drinking and cooking,
food preparation, brushing teeth, and any activity that might result in ingesting water.

1 As an interim measure, when PFHXS, PFNA, PFHpA, PFRDWA,PFOS combined are
above 0.07(@pb, we recormend that water utilities provide a public noticetteir
customersThe notice shouléncouragg@regnant and nursing women, women planning
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to become pregnant, and parents, guardians, or caregivers of tofaatsult with their
healthcare provider abbdrinking the water.
It is important to acknowledgéat we are in the midst of a very active research effort to
understand the human health impadtexposure to variouBFAS Health researchers continue
to study health outcomes in human populatiorth @fevated exposures. EPA is using rapid
toxicity-screening tools to investigate potential biological activities of 75 compounds that are
representative of the various classeBPBASchemistry. Industry and independent scientists are
publishing new findigs regularly in peereviewed scientific literature. The public health advice
reflects our best judgement for protecting human health while waiting for a clearer picture from
the evolving science. Our scientists are following this research to inforntacea

5.2 Drinking water health advisories set by other states, EPA, and
other countries

Eight states have established independtrtdard$or PFAAs in drinking water Most are

advisory and nly New Jersey and Vermont have adopted enforcehiriking water limits,
calledMCLs. A current listing of state and international standards and guidance f@lues

PFAAs in groundwater, drinking water, and surface water/effluent wastewater is maintained by
the Interstate Technology and Regulatory CAuiitRC). We refer readers to this resource as

the information is rapidly changing. The ITRC intends to update this as new information is
gathered208] (https://pfa-1.itrcweb.org/facsheets/).

In November 2018, EPA released proposed reference doses{RiDSEnX, andPFBSfor

public review and comment period (Table 4). Although these values have been through peer
review, they are draft vadis and may changk.is unclear whether EPA health advisories for
drinking water will follow. North Carolina worked with EPA to set a state drinking water
advisory of 140 ppt fonexafluoropropylene oxide dimer agi@en X).

5.3 Assessment and advice for PFAS contaminants in recreational
fish

Recreational, subsistence fishers, and-lm@ome or tribal communitighatconsume fish from
urban watersand areas downstream of wastewater treatment plant dischaagelave higher
exposures t&®FASthat accumulate in fish. Serum of fish and shellfish consumers who
participated in NHANES in 2002014had highetevels of severdPFAS[89]. Researchers
determined that consumers of fish and shellfish are at higher risk of exposutaitoRIEAS
than norconsumers.In Washington, PFOS was detected by Ecology surveys in Washington
freshwater fish at levels up to 87 ng/g in fillets (Eegironmentalkchaptey.

InternationaktudiesindicatethatsomePFAASs, suchasPFOS PFHxSandPFOA,canreach
very high levelsin serumof fishermerwho eatfish from industriallyimpactedareaqd30]. A
recentstudyalsoidentifieda numberof novel PFASIn fish from the YangtzeRiverandTandxun
Lake,China(including 6 sulfonate classes, 2 amine classes, 1 carboxylate classy-and 1
heterocycle clasg209]. Thediscoveryof thesePFASIn fish demonstratebioavailabilityand

5 A reference dose is an estimate of the amount of a chemical a person can ingest daily over a lifetime that is
unlikely to lead to adverse health effects.
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the potentialfor bioaccumulatiorior thesecompound®r their precursorsywhosetoxicity and
environmentafate hasnot beenstudied.

Several states with localized surface water contamination have developed fish advisories for
PFAAs, including Alabama, Michigan, Minnesota, New Jersey, Oregioth Wiscons (Table

7). Other states are considw fish advisories.nl Minnesota, fish tissue with more than 800 ng/g
PFOS in edible parts are listeddasnot eat, fish with 46800 ng/g have various recommended
consumption restrictions, and fish with less thamg@ have no suggestednsumption limits.

New Jerseyssual a consumption advisory for 12 species of fish that were found to contain
chemicals belonging to tHeFASfamily [210]. Michigan has developed Eat Safe Fish

Guidelines for PFOS across numerous waterbddiEl. These guidelines are set to be
protective for eveyone including children, pregnant and breastfeeding women, and people with
existing health problems such as cancer or diabetes.

There are currently no fish consumption advisories f&A&Hn Washington. DOHletermined
provisional healtthased screeningVelsfor PFOS and PFOA23 ug/g and 8 ug/g for both the
general population and high consumers, respectively). DOH reviewed fish data collected by
Ecology in 2008 and 2016 and found that some fillet tissue levels exceeded thesdP¥h&s.
was detected iVashington freshwater fish at levels up to 87 ng/g in $illsee Environmental
chapter) DOH determined that the current dataset for any given fish species for watersody
too small to provide an adequate basis for a fish consumption advisory, bgetimesare
working together to collecand assesadditional data taletermine whether a fish advisory is
necessary

5.4 Risk-based water sampling T testing drinking water wells

DOH used risk factors fd?FASin water reported by Hu et al. 20[[8L] to generate mapof

areas more likely to have dkimg water impacted b FAS Since there are feFAS

manufacturing plants in Washington, we focused on locations where AFFF was potentially
released. Specificallyye mapedmilitary land, airports certifietb use AFFF, known fire

training facilities, andites with arecord of AFFF releases obtained from the Washington State
Department of Ecology spills program. Limitations of this map include: no comprehensive list of
fire training centers, lack of records of where fire departments and other usersvaanaimed

with AFFF,andvoluntary and incompleteeporting of AFFF spills to Ecologespite the

limitations, the map provides useful information for the preliminary evaluation of risk.

We used the map to identify drinking water sources to priofidizeoluntary testing.

Community and transient nesommunity Group A sourcewithin two miles of properties
identified as a pential point sourcayere considered potentially at risk. We found that potential
pointsources oPFAScontamination related t&FFF were distributed across Washington. We
also identified numerous public water systems within two miles of potential point sources that
were not tested fd?PFAScontamiration as part of UCMR3 (Figure 10

In 2017 and 208, DOH offered free voluntarfPFASsamplingto these300 water system@ip to
500 water samplemnticpatefito understand occurrence of these chemicals in drinking water in
our state, and to know if the water is safe to dridésts of sampling are being covered by the
EPA state revaling fund DOH is contracting with the University of Washington Tacoma, for
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sampleanalysis ofl4 PFASchemicalsSample collection and results reporting are expected in
20109.
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5.5 Additional tables

Table 3. Median/geometricneanconcentrationsf PFOS PFOA,PFHxS,PFNA, andPFDAIn
vulnerablepopulationgrom selectstudies(n > 30 participants)n the United StatesCanadaand
othercountries.

Year (S)

20032004

20032004

20022005

20042005

20042005

20032006

20032006
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76

20,

185

101

101

105

299

242,
241,
22%

71

Concentration (ug/L)

PFOS
12/12.3

1.59

5.2

16.6
14.54

6.08

4.9,

13.2

12.7
(100)

8.5
(100)

3.5
(98.6)

PFOA

2.6/
2.39

0.73

1.4

2.13
1.81

1.58

1.64

54

4.8
(100)

3.3
(100)

3.1
(100)

PFHxXS

1.64

1.82
1.62

2.07

1.5

1.2
(98.6)

1.2(93)

0.6
(97.2)

PFNA

0.35

0.73

0.69

0.72

0.9

0.82
(100)

0.66
(100)

0.41
(98.6)

32

PFDA

0.2

0.2
(97.2)

0.2
(90.1)

<LOD
(16.9)

Sampletype

Serum,
pregnant
women

Dried blood
spot,infant
(newborn
screening
program)

Maternal blood

Maternal
serum at 248
weeks

Maternal
serum at
delivery

Umbilical cord
serum

Umbilical cord
serum

Maternal
serum
measurect 16
+ 3 weeks
gestation

Maternal
serum,atl6
weeks,(Fd, %)

Maternal
serum.,at
delivery, (Fd,
%)

| nf acord 6

serum,(Fd, %)

Location Ref
USA [212]
NHANES

New York [213]
Sapporo, [214]
Japan

(Hokkaido

Study)

Canada [215]
Maryland [216]
Cincinnati,  [217]
Ohio

HOME study
Cincinnati, [218]
Ohio

Multi -ethnic
cohortof

women,
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Concentration (ug/L)

Year (s) n PFOS PFOA PFHxS PFNA PFDA Sampletype Location Ref
20052006 252 7.8 15 0.97 Maternal Alberta, [219]
serum at 15 Canada
weeks
2007 98 2.1 0.% 0.4, 0.3 Dried blood Texas [220]
spot,infant
20052008 100 4.44 1.47 0.58 0.36 Umbilical cord Ottawa, [221]
serum Canada
200742009 391 4. 66 153 0.44 0.56 0.23 Serum, Norway, [222]
pregnant Motherand
women child
contaminant
Cohort study
(MISA)
20082009 67 6.15 4.5 1.25 1.7 0.35 Chi | dr e California [88]
Serum,2-8
yearsold
2009 300 4.1 2.85 1.2 1.2 <0.2 Chi | dr e Dallas,Texas [44]
Serum,boys
andgirls 0-12
years
20082011 1743 4.7/ 459 1.7/ 1/1.01 Maternal Canada, [154]
1.66 plasma, at 14 MIREC
weeks of study (10
gestation cities across
Canada)
20112013 64 1.6 0.885 Cord plasma  Netherlands [223]
(umbilical cord
blood)
20122015 200 4.47/ 1.29/ 0.861/ 0.644/ 0.212/ Maternal California [21]
4.20 1.24 0.904 0.647  0.198  serum,
Pregnant
women
(MAMAS
study)
Populations with higher exposure (C8 health study)
20052006 12,476 22.7 69.2 Blood serum  Add location [116]
Children &
17.9 years
(Frisbee et al.
2010)

a Geometricmean
b Pooledsamples
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c Samplesizeof 242 correspondso PFOA,PFOS andPFHxS;samplesizeof 241 correspondso PFNA, and
samplesizeof 225 correspondso PFDA.

HOME - HealthOutcomesaandMeasureof the EnvironmentStudy

MAMAS 1 MeasuringAnalytesin Maternd Archived Samples

n = samplesize

Fd = frequencyof detection

A= Corresponds$o medianlinear PFOS.

6.0 Health-based guidance values

EPA develops RfB° and health advisory levels to guide human health protectihe reference
doses for PFAAsare based on the most sensitive effects observed in animal studies that were
deemed relevant to humafisable 4) Health research and exposure studies were also reviewed
and used to support the selection of critical effects and extrapolate from rodeumsatios.

Table 4 E P A @fsrence doses and health advisories levels for drinking {£22ir225]

Chemical EPA critical Point of Uncertainty = Critical EPA's Drinkiing Lifetime
effect departure factor (UF)  Study chronic  Water HA for
RfD Equivalent drinking
(mg/kg- Level water
d) (DWEL)(Hg/L)  (ng/L)
PFOA Developmental 0.0053 300 Lau et.al. 0.37 0.07
(2016) effects mg/kg-day 2006 0.00002
(skeletal (LOAEL
effects and HED)
accelerated
puberty in
male pups
PFOS Developmental 0.00051 30 Luebker etal. 0.00002 0.37 0.07
(2016) effects (e.g., mg/kg-day (2005b)
decreased pup (NOAEL
body HED)
weight)
PFBS Thyroid effects BMDL2= 300 Gestational 0.01
(2018 in offspring 4.2 exposure
draft) (decreased mg/kg-day study (Feng et
serum T4). al., 2017)
Also kidney
effects

5 A reference dose is an estimate of the amount of a chemical a person can ingest daily over a lifésime tha
unlikely to lead to adverse health effects.
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Chemical EPA critical Point of Uncertainty Critical EPA's Drink ing Lifetime
effect departure factor (UF)  Study chronic  Water HA for
RfD Equivalent drinking
(mg/kg-  Level water
d) (DWEL)(Hg/L)  (pg/L)
GenXx* Single cell BMDLgo= 300 Reproductive/ 0.00008
(2018 necrosis in the 0.023 (chronic) developmental
draft) liver mg/kg-day toxicity study;
100 DuPont
(subchronic) 18405
1037(2010)

* GenX refers to hexafluoropropylene oxide (HFPO) dimer acid and its ammonium salt
BMDL i Benchmark dose level

6.1 Agency for Toxic Substances and Disease Registry (ATSDR)
minimal risk levels (MRLS)

On June 20, 2018, ATSDR issued a revised draft ToxicolbBicdile for Perfluoroalkyls for

public comment. I n this revision, the agency
Levelso for PFOA, PFNA, PFOS, and PFHx1I8 (Tabl
timeslowet han EPAG6s r elfoeRPF@MmandkPFAS) respectivadyy ATSDR states

that these provisional MRLs are intended to s
contaminants and potential health effects that may be of concern at hazardous waste sites and
should not be used for retatory action, including to define cleap or action levels.

The four PFAs MRLs are estimates of the amount of a chemical that a person can eat and drink
each day overraintermediate period (2 weeksXo/ear) without detectable risk to health. MRLs

are intended to serve as a tool to help public health professionals determine areas and

popul ations potentially at risk for health ef
identifying contaminats and potential health effects that may be of concern at hazardous waste

sites and should not be used for regulatory action, including to defineugeamaction levels

[226].

Exposure above the RL does not mean that hdaproblems will occur.timayinstead act as a
signalto look more closely for exposures occurring at a particular site. To develop a drinking
water screening valyATSDR uses the Environmental Media Exposure Guide([B®MEGs)

for intermediate exposures (B64 days). ATSDR has derived EMEGs for these PHRAE].
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Table 5. ATSDR minimal risk levelsand Environmental Media Exposure Guidelines
derived for PFAAs [227, 228]

Critical Point of UF Critical Oral intermediate  Drinking water
effect departure Study ATSDR, MRLs
(mg/kg-day) (mg/kg-d)

PFOA Neurodevel 0.000821 300  Koskela et 0.000003 78 ppt (adult)
opmental (LOAEL Hep) al. 2016; 21 ppt (child)
and skeletal Onishchenko
effects in et al. 2011
mice

PFOS Delayed 0.000515 30 & Luebker et 0.000002 53 ppt (adult)
eye opening (NOAEL wep) 10 al. 2005a 14 ppt (child)
and
decreased
pup weight
in rats

PFENA Decreased 0.001 30& Dasetal. 0.000003 78 ppt (adult)
body (NOAEL wep) 10 2015 21 ppt (child)
weight and
developme
ntal delays
in mice

PFHxS Thyroid 0.0047 30 & Butenhoff et 0.00002 517 ppt (adult)
follicular (NOAEL wep) 10 al. 2009a 140 ppt (child)
cell damage
in rats

LOAEL - Lowestobserveeadverseeffect level. The lowest exposure level of chemical in a study, or group of
studies, that produces 8stically or biologically significant increases in frequency or severity of adverse effects
between the-exposed population and its appropriate control.

NOAEL -No-observeeadverseeffect level.

HED i Human equivalent dose

6.2 International guidance values

German human biomonitoring commission(HBM Commission)

In 2017, he German Human Biomonitoring Commission (HBM Commission) derived health
related guidance values in blood plasma for PFOA and PFOS. The HBM | value represents the
concentration of a @astance in human biological materialdtich, and belowthere is no risk of
adverse halth effects, ando need for action. Based on an assessment of literature on human
epidemiological studiesnd on animal studiethe HBM commission derived an HBM | value

of 2 ng/mL for PFOA and 5 ng/mL for PFQ&29]. In deiving the HBM I, thecommission

included the fertility and pregnancy, weight of newborns at birth, lipid metabolism, immunity
after vaccination, hormonal development, thyroid metabolism, and onset of menopause as
relevant, and significantly associated waii exposure to PFOA and/or PFOS.
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French Agency for Food, Environmental and Occupational Health and Safety (ANSES)

In 2017, the French Agency for Food, Environmental and Occupational Health and Safety
developed human reference doses (toxicity refereaktees- TRVs) for PBA, PFHXS,PFBS

and PFHXA based on studies conducted in laboratory an{iretiée § [230]. TRVs are
established for a given critical effect, and are specific to a substance, a duration of exposure
(acute, subchronic or chronj@nd a route of exposure (oral, inhalation, etc.).

Table 6. Toxicity referencevaluesdevelopedby the French Agency for Food,
Environmental and Occupational Health and Safetyj230].

Critical effectand  Critical Uncertainty  Toxicity referencevalue
study concentration factor (UF)  (TRV) (mg/kg-day)
PFBA Hepatic effects NOAEL =6 mg/kgd 75 0.024

Butenhoffet al.,

2012 Adj NOAEL HED =

1.764mg/kgd
PFHxS  Hepatic effects NOAEL =1mg/kgd 75 0.004

Butenhoffet al., Adi NOAEL HED =
2012 J B
0.289mg/kgd

PFBS Renal effects BMD 10%=24 75 0.08
(Hyperplasia tubular) mg/kgd
Liederetal., 2009b
Adj BMD 10%=6.06

mg/kg-d

PFHxA Renal effects NOAEL =30 mg/kgd 25 0.32
(papillary necrosis & Adj:
tubular degeneration) NOAEL+eo= 7.91
Klaunigetal., 2015  mg/kgd

LOAEL - Lowest lowestbservedadverseeffect level.
NOAEL - No-observeeadverseeffect level.

BMD 1 Benchmark das; Adjustment (Adj) BMD
HEDT Human equivalent dose

European Food Safety Authority (EFSA)

In 2018, tle EFSA issued arovisionalscientific opinion on tolerable weekly intakef PFOA

and PFO$90]. EFSA used a different approach and did nerivk their estimassfrom adverse

health outcomem controlled animal studieRather, they used serum measurements in human
observational studies to model serum |sasisociated witlh percentchanges in adverse
outcomesAfter an extensive review opalemiological evidence, they selected the outcomes

with the strongest evidence for a causal association with PFOS and PFOA. These were increased
serum cholesterol, decreased antibody response to vaccines, and lower birthweight for PFOS
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andincreased sem cholesterol, elevated liver enzyme (ALT), and decreased birth weight

PFOA They then used physiologically based pharmacokinetic modelliRBPK) to estimate

the dietary intake that would produce that serum level over a lifetime ohgons exposte.

For children, theyised maternal serum levels and models of maternal trahsfag gestation
andbreastfeedingtotgret chi |l dr enodsyesm®ld[@m | evel s at five

PFOS

Serum levels associated with @ércentchange in total cholesterot birthweight ranged 225
ng/mL. The serum level for vaccine response was lower, 10.5 ng/ml. This translated into daily
dietary intakes of 1-2.0 ng/kg bw day.

PFOA

Serum levels associated with @ércentchange in total cholester@nged 9.29.4 ngml, for
increase in liver enzyme was 21 ng/mL, and for birth weight rangetidd64ng/mL. This
tranlated into daily dietary intakes of €240 ng/kg bwday.
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Table 7. Fish mnsumption advisories for PFAAs.Source Wisconsin Department of Natural Resources (DNR|231].

State Agency
Alabama DPH
Michigan DHHS
Minnesota MDH
New Jersey DEP/DOH
**preliminary

RfDs &

advisories

*advice for

sensitive

populations

Update — do not cite or quote

Date
2012

2014

2018

2018

Category

RfD

no restriction

1 meal/week

1 meal/month
do not eat

RfD

16 meals/month
12 meals/month
8 meals/month
4 meals/month
2 meals/month
1 meal/month
6 meals/year
do not eat

RfD
unrestricted

1 meal/week

1 meal/month
do not eat
RfD**
unlimited**

1 meal/week**
1 meal/month**
1 meal/3

months**
1 meal/year**

do not eat**

39

Units

po/kg-day
Hg/kg
Ha/kg
Hg/kg
Ha/kg
po/kg-day
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
po/kg-day.
ppb
ppb
ppb
ppb
ng/kg/day
ppb
ppb
ppb
ppb

ppb

ppb

PFOS PFOA
0.077
0-40
41-200
201- 800
>800
0.014
O 9
>9-13
>13-19
>19-38
>38- 75
>75-150
>150- 300
> 300
0.0051
O 10
>10-50
>50- 200
>200
1.8 2
0.56 0.62
3.9 4.3
17 18.6
51, N/A* 57, N/A*
204, N/A* 226,
N/A*
>204, N/A* >226,
N/A*
February 2019

PFNA

0.74
0.23
1.6
6.9
21, N/A*

84, N/A*

>84, N/A*

PFOS+PFHXS
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State Agency Date Category Units PFOS PFOA PFNA PFOS+PFHXS
New York DOH 2017 refersto
Michigan and
Minnesota
advisory levels;
PFOS action
level
determination in
progress
Oregon OHA 2013 RfD pg/kg-day 0.08 0.08
Fish tissue mg/kg 0.2 0.2
screening value
Wisconsin DNR/DHS 2007 RfD pg/kg/day 0.075
unlimited ng/g <38
1 meal/week ng/g 38-160
1 meal/month ng/g >160- 700
do not eat ng/g >700
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List of chemical acronyms used in this chapter.

CAS No. Acronym Chemical Name
189526-7 10:2 diPAP 10:2fluorotelomer phosphate diester
865-86-1 10:2 FTOH 10:2 fluorotelomer alcohol
13509869-0 4:2 diPAP 4:2 fluorotelomer phosphate diester
914637493 5:3 FTCA 5:3 fluorotelomer carboxylic acid
57677959 6:2 diPAP 6:2 fluorotelomer phosphate diester
647-42-7 6:2 FTOH 6:2 fluorotelomer alcohol
2761997-2 6:2 FTSA 6:2 fluorotelomer sulfonic acid
67841-1 8:2 diPAP 8:2fluorotelomer phosphate diester
678397 8:2 FTOH 8:2 fluorotelomer alcohol
75491-6 PFOSA perfluorooctane sulfonamide
169199-2 N-EtFOSE perfluorooctane sulfonamido ethanol
hexafluoropropylene oxide dimer acid, trade name fol
13952136 Gen X ammonium .2,3,3,—$etrafluor02-(heptaflu_orop_ropoxy)
propanoate; perfluor@-propoxypropanoic acid
(PFPrOPTrA)
24448097 N-MeFOSE N-methyl perfluorooctane sulfonamido ethanol
PAPs Polyfluoroalkyl phosphoric acid esters / Polyfluoroalky
phosphates / (n:2) Fluorotelomer phosphates
PFAA perfluorinatedalkyl acid
PFAS per and polyfluorinated l&yl substances
375224 PFBA perfluorobutanoic acid
375735 PFBS perfluorobutane sulfonic acid
PFCA perfluoroalkyl carboxylic acid
33576-2 PFDA perfluorodecanoic acid
307-551 PFDoDA perfluorododecanoic acid
PFECA perfluoroether carboxylic acid
PFESA perfluoroether sulfonic acid
375859 PFHpA perfluoroheptanoic acid
307-24-4 PFHxA perfluorohexanoic acid
355464 PFHxS perfluorohexane sulfonic acid
375951 PFNA perfluorononanoic acid
33567-1 PFOA perfluorooctanoic acid
1763231 PFOS perfluorooctane sulfonic acid
270690-3 PFPeA perfluoropentanoic acid
731858132 PFPIA perfluoroalkylphosphinic acid
205894-8 PFUNDA perfluoroundecanoic acid
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